INTRODUCTION
Measles virus (MV), a member of the Paramyxoviridae, is capable of causing acute and persistent infections both in vivo and in vitro (ter Meulen & Carter, 1984) . An acute infection is followed by life-long immunity in which neutralizing antibodies against the viral haemagglutinin (H) play a major role. The H protein is one of two surface glycoproteins of the virus and is responsible for mediating virus attachment to the host cell. The primary structure of MV H has been deduced from the nucleotide sequence of cloned H cDNA of the Edmonston (Alkhatib & Briedis, 1986) and Hall~ strains of MV (Gerald et al., 1986) . In both strains, the H gene codes for a molecule consisting of 617 amino acids, with a predicted Mr of 69 250. At the amino acid level these two strains have a 99-3 % homology in the H gene. The amino acid sequence shows a highly hydrophobic region close to the amino terminus which probably anchors the molecule to the virus envelope (Alkhatib & Briedis, 1986 ) where it appears to be present as a dimer (Fujinami & Oldstone, 1981) . Due to glycosylation, the Mr of monomeric H is approx. 79K in PAGE analysis (Vainionpii/i et al., 1978) .
The antigenicity of MV H has been analysed by several groups using monoclonal antibodies (ter Meulen et al., 1981 ; Carter et al., 1982; G iraudon & Wild, 1985; Sheshberadaran & Norrby, 1986) . These studies have revealed three or four antigenic sites consisting of up to nine epitopes, depending on the methods used. An attempt has been made to localize the antigenic sites of H by using a protein 'footprinting' technique (Sheshberadaran & Payne, 1988) . Some epitopes defined by monoclonal antibodies were located by this method between amino acid residues 200 and 370. t Present address: Department of Virology, University of Turku, Kiinamyllynkatu 13, SF-20520 Turku, Finland.
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Synthetic peptides have recently been used for analysing the antigenicity of viral proteins. Well defined antibodies against synthetic peptides can be used as research tools in different types of experiments such as detection of uncharacterized proteins, analysis of protein function and the like (reviewed by Walter, 1986) . Special attention has recently been paid to peptides because of their potential use as vaccines, although a major setback is that thus far no optimal means has been available for predicting the most prominent antigenic sites. Several different principles have been applied of which hydrophilicity profiles have been most commonly used (Walter, 1986) .
Recently, a new algorithm for predicting the surface-exposed regions of proteins was developed (Parker et al., 1986) . This algorithm is available as a computer program and it combines the hydrophilicity, flexibility and accessibility profiles of a protein based on the primary amino acid sequence. In the present study, we have attempted to characterize the antigenicity of MV H using synthetic peptides selected by this program. Ten peptides, each 10 or 11 amino acids in length, were synthesized using the published H gene sequence of the Edmonston strain of MV (Alkhatib & Briedis, 1986 ) and used as antigens in enzyme immunoassay (EIA) to test binding of hyperimmune rabbit sera and human sera. Antibodies against the peptides raised in rabbits were tested for binding to MV H by several methods. The results show that antigenic sites can be predicted by the program but that the selected peptides do not represent natural antigens on intact virions.
METHODS

Viral antigens.
A laboratory strain of MV was purified as described by Vainionp~K~ et al. (1978) . Briefly, Veto cells grown in roller bottles were infected with MV at an m.o.i, of 0.01. When c.p.e, reached 75 to 100~o, the medium was harvested and cell debris was removed by centrifugation at 500 g for 15 rain. The medium was concentrated with a Millipore Minitan concentration apparatus and centrifuged for 2 h at 80000g (Spinco SW27 rotor) in a 20~ and 60~ (w/w) sucrose step gradient at 4 °C. The material at the 20/60~o sucrose interface was collected and centrifuged in a sodium potassium tartrate step gradient (18, 30, 40, 50 ~) for 3 h at 80 000 g (Spinco SW27 rotor). The collected virus material was diluted in GNTE buffer (0.2 M-glycine, 0"2 M-sodium chloride, 0-02 M-Tris-HCI, 0.002 M-EDTA, pH 7.8), pelleted at 80000 g for 1 h and resuspended in GNTE buffer.
Cell lysate antigen was prepared from MV-infected ceils harvested when c.p.e, was complete. The cells were washed and resuspended in phosphate-buffered saline (PBS) pH 7-4 and homogenized in a Sorvall R Omnimixer. The material was centrifuged at 600 g and the resulting supernatant was centrifuged for 30 min at 80000 g. The pellet from this second centrifugation was suspended in PBS. The antigens were stored at -70 °C and sonicated before use as antigen in EIAs.
For MV H preparation, infected Veto cells were washed in PBS, resuspended in 5 ml of PBS diluted 10-fold with distilled water, and homogenized (Dounce homogenizer, 10 to 15 strokes) on ice. Nuclei were pelleted at 400 g for 10 min at 4 °C and 5 M-NaCI was added to the supernatant to give a final concentration of 0.1 M. Membranes in the supernatant were pelleted by centrifugation at 90 000g (SW60 rotor) for 30 min at 4 °C. The pellet was resuspended in 1 to 2 ml of PBS, and stock NP40 (10~) solution was added to give a final concentration of 2.0~. After 10 to 15 min incubation on ice, an equal volume of 0.01 M-sodium phosphate pH 7-1 plus 1.0~ deoxycholate (DOC) was added, mixed at room temperature and centrifuged for 1 min at 10000g. The supernatant was applied to a 2 ml bed volume lentil lectin-Sepharose (Sigma) column, equilibrated in 0-01 M-sodium phosphate pH 7-1, 1.0~o DOC. The column was washed with 25 to 30 bed volumes of the loading buffer and the glycoproteins were eluted by inclusion of 0.1 M-ct-methyl-D-mannoside in the buffer. The fractions were tested for reactivity with a rabbit antiserum to MV H protein in EIA, the positive fractions were pooled, and NP40 was added to a final concentration of 0.1 ~. The pool was concentrated using Sephadex G-200 powder and dialysed against RIPA buffer (0.01 M-Tris-HCI pH 8.2, 0-1 M-NaC1, 0.6 M-KCI, 0'5 mM-MgC12, 2.0~ Triton X-100). Dialysed H was loaded onto a column of Affi-Gel 10 (Bio-Rad) to which MV H monoclonal antibodies were coupled (Salonen et al., 1988) . The column was washed with 20 volumes of RIPA buffer, 20 column volumes of RIPA buffer plus 0.05~o SDS and 4 volumes of 0-1 Msodium phosphate pH 7.1 plus 0.1 ~ NP40. The H protein was eluted in the latter buffer plus 3.5 M-KSCN. Column fractions were monitored for their ability to bind to H-specific rabbit antibodies by EIA. The H peak was pooled and dialysed against PBS, 0.1 ~ NP40.
Endoglycosidase treatment of the purified virus. Purified MV (0.3 mg total protein) was dialysed against 0.1 l~l-Na2HPO4, 0-05 M-citric acid pH 5-0. Half of the preparation was incubated with 10 milliunits of endoglycosidase H (Sigma) at 37 °C overnight and the other half of the preparation was incubated in the same way but without the enzyme. Both the control and the enzyme-treated virus were coated at a concentration of 3 gg/ml on mierotitre EIA plates for testing of the antisera.
Hyperimmune antisera and human sera. Generation of polyclonal antiserum against purified MV H and purified nucleocapsids has been described earlier (Lund& Salmi, 1981 ; Salmi &Lund, 1984) . Two polyclonal antisera were raised by immunizing New Zealand rabbits (obtained from Health Sciences Laboratory Animal Services, University of Alberta) with purified MV. The first immunization was with 100 ~tg of virus in Freund's complete adjuvant (FCA). Three weeks later, animals were boosted with 50 p.g of virus in incomplete Freund's adjuvant (IFA) and this schedule was continued for 3 months after which the animals were bled terminally. The serum was absorbed with Vero cells before use in assays. Human sera included samples from 10 MV-seropositive blood donors, 10 paired sera from the acute and early convalescent phases of acute measles patients and 10 sera from subacute sclerosing panencephalitis (SSPE) patients.
Synthetic peptides and production of anti-peptide antisera. The sequence of the Edmonston strain of MV H (Alkhatib & Briedis, 1986) was used for selection of peptides to be synthesized. The analysis for predicting surfaceexposed areas of H protein was done using the Surfaceplot program (Parker et al., 1986 ; Synthetic Peptides) with an IBM PC computer. This program combines the hydrophilicity , flexibility (Karplus & Schultz, 1985) and accessibility (Janin, 1979) parameters. The use of these parameters in mapping of antigenic determinants has been described earlier in more detail (Parker et al., 1986; Strynadka et al., 1988) . The selected peptides were purchased from the Alberta Peptide Institute. Ten or 11 amino acid peptides were synthesized and conjugated to the carrier as described by Parker & Hodges (1985) . As carriers, keyhole limpet haemocyanin (KLH) and bovine serum albumin (BSA) were used. Three of the peptides, H4, H6 and H7, were also received in free, non-conjugated form.
Antisera to each peptide were raised by immunizing New Zealand rabbits with KLH-conjugated peptides. The first immunizing dose was 500 ~tg of the peptide conjugate in FCA. After 3 weeks, animals were boosted with 250 p.g of the conjugate in IFA and this was continued at 3 week intervals for 4 to 7 months until the rabbits were terminally bled.
Haemagglutination inhibition (HI) assay.
The assays were done as described by Norrby & Gollmar (1972) .
Immunofluorescence (1F). For IF tests, Vero cells were propagated and infected with MV as described above.
When the infection reached 75~ c.p.e., the cells were washed with ice-cold PBS and scraped off with a rubber policeman. After vigorous pipetting, a single cell suspension was formed and cells were centrifuged onto glass slides (Cytospin 2; Shandon). The cells were left unfixed (surface fluorescence) or fixed in ice-cold acetone for 10 rain (cytoplasmic fluorescence). The rabbit antisera were diluted 1 : 100 with PBS and incubated on the cell spots in a moist chamber at 37 °C for 30 min. After washing three times with PBS, an anti-rabbit fluorescein isothiocyanate conjugate was applied to the spots and kept for 30 min at 37 °C. Again, slides were washed three times with PBS and once with distilled water, phosphate-buffered glycerol was applied to the cell spots and the cells were covered with plastic coverslips. Microscopic examination was done using a Leitz Dialux EB incident light microscope.
EIAs. The solid phase immunoassay method employing microtitre plates was used throughout. Microtitre plates (Linbro, Flow Laboratories) were coated with an optimal amount of antigen in 100 p.1 PBS/well. The amounts used were 300 ng/weU of purified virions, 2 ~tg/well of cell lysate antigen, 1 ~tg/well of BSA-conjugated peptides or 2 p~g/well of non-conjugated peptides. After overnight incubation at room temperature, free binding sites on the plastic plates were blocked with 0-2 ml/well of EIA diluent (PBS supplemented with 0.5 ~ BSA, 0-5 ~ Tween 20 and 0.1 mM-merthiolate). After an incubation period of 60 to 90 min at 37 °C the plates were used in the assays. The sera to be tested were serially diluted by twofold steps starting in most cases from 1:40 dilution. After 60 rain incubation at 37 °C, plates were washed and the horseradish peroxidase-conjugated species-specific antiimmunoglobulin (anti-mouse, -rabbit or -human) was added at a pre-determined optimal dilution to the wells. Plates were further incubated at 37 °C for 1 h and washed. As a final step, 100 p.1 of substrate solution (30 mg o-phenylenediamine and 7 p.1 of 30% hydrogen peroxide in 10 ml 0-1 M-citrate buffer pH 5-5) was added to each well. After developing the colour for 30 min, the reaction was terminated by adding 100 Ixl/well of 1 M-HC1 and absorbance (A492) values were read with a Titertek Multiskan photometer.
SDS-PAGE and Western blotting. SDS-PAGE gel was prepared using a modification (Vainionp~t~i et al., 1978) of the method described by Laemmli (1970) . The samples were subjected to electrophoresis on a 10K slab gel for 18 h at 6 mA. For silver staining, the gels were fixed in acetic acid :methanol :water (1:5:4) for 4 h and washed five times with H20. Staining was done in a solution containing 0.02 M-NaOH, 0-1 M-NH4OH and 0.6~ AgNO3. Colour was developed by adding 2.5 ml of 0.l % citric acid and 0-25 ml formaldehyde in 500 ml H20. The reaction was stopped with 7~ acetic acid.
Purified MV was subjected to SDS-PAGE as described above. Electrophoretic transfer of proteins was done in a chamber filled with buffer containing 25 mM-Tris, 192 mM-glycine, 20~o (v/v) methanol pH 8.3 at 30 V for 3 h. To localize polypeptides, heparin-toluidine staining was used (Vartio et al., 1982) . The nitrocellulose was soaked in 6 M-urea for 3 min, washed six times with H20, treated with heparin (200 units/100 ml of 10 mM-HC1 pH 2) for 10 min, washed five times with H20 and stained with 0-02~ toluidine blue in 10 mM-HC1. The stained filter was cut into strips which were destained with 8~ acetic acid, 50~ methanol, 42~ H20. Destained strips were washed M.J. M,~KEL,~, G. A. LUND AND A. A. SALMI with TBS (10 mM-Tris-HC1 pH 7'4, 0.9 ~ NaC1). For immunological staining, the strips were soaked in TBSA (3 BSA in TBS) for 3 h at 37 °C and rinsed with the same solution. Sera were diluted 1 : 50 in TBSA and left to react with blots for I h at 37 °C. The strips were washed four times with TBS, followed by I b incubation with anti-rabbit peroxidase conjugate (Bio-Rad) at 37 °C. The substrate consisted of 10 mg 3-amino-9-ethylcarbazole dissolved in 2-5 ml of N,N-dimethylformamide, further diluted with 47.5 ml 0.05 M-sodium acetate pH 5.0 and 50 ml of 30~ H202 added just before use. The reaction was stopped after 5 min with H20, and the strips were washed and airdried.
Radioimmunoprecipitation (RIPA). Radiolabelled virus antigen was prepared as follows. Confluent monolayers of CV-1 cells were infected with MV at an m.o.i, of approx. 1. After c.p.e, had reached 30 to 40 ~, monolayers were washed with sterile PBS and methionine-free medium supplemented with [3sS]methionine (40 p.Ci/ml) was added. When c.p.e, had reached 100~o, the cell monolayer was washed with cold PBS and the cells were lysed with RIPA buffer containing 1 mM-PMSF and 1 ~ aprotinin on ice for 30 min and centrifuged at 80000 g for 1 h. The supernatant was collected and stored at -70 °C.
For immunoprecipitation, 20 ~tl serum samples were added to 200 vtl of labelled lysate and the total volume was adjusted to 500 ~tl with RIPA buffer. The mixture was incubated on ice for 3 h after which antigen-antibody complexes were precipitated using 100 ~tl of Protein A-Sepharose CL-4B (Sigma) in RIPA buffer. The mixture was kept on ice for 1 h and thoroughly mixed several times after which the beads were washed five times with RIPA buffer, and the complexes dissociated by boiling for 2 rain with 0.1 M-Tris-HC1 buffer pH 6.8, containing 2~ SDS and 5~ 2-mercaptoethanol, Precipitated complexes were then analysed by SDS-PAGE as described above. The gel was fixed in acetic acid :water:methanol (7:40:53) for several hours, soaked in Amplify (Amersham) for 30 min and dried under vacuum at 60 to 80 °C. The dried gel was then held in close contact with Kodak X-Omat AR-50 film for 7 days at -70 °C and the film was developed.
RESULTS
Selection of the peptides
Ten peptides were selected for synthesis on the basis of the combined profile of hydrophilicity, flexibility and accessibility as described by Parker et al. (1986) . The amino acid sequence of the Edmonston strain MV H published by Alkhatib & Briedis (1986) was analysed. The analysis of the primary amino acid sequence showed no clear domains but rather indicated areas throughout the molecule that had high hydrophilicity, flexibility and accessibility values (Fig.  1) . Thus the peptides synthesized correspond to regions scattered on the area of the whole molecule. One peptide each from the amino (H1) and carboxy termini (H10) was selected as these have been speculated to form at least part of an antigenic site in many proteins (Walter, 1986) . The residue numbers and amino acids of each synthesized peptide are listed in Table 1 . The Hall+ strain sequence (Gerald et al., 1986) was also analysed but as expected from the sequence homology, the profiles were virtually identical to the Edmonston strain and none of the differences was in the peak areas.
Reactivity of hyperimmune and human sera with the synthetic peptides
The ability of the polyclonal sera elicited against purified MV or purified H to bind to the peptides was tested in a direct enzyme immunoassay. The results of these experiments are shown in Table 2 . Nine of the 10 peptides were recognized by the anti-MV sera. The anti-H serum reacted with six of the peptides. The reactivity with the H7 peptide was superior to the others.
Human sera from 10 seropositive blood donors, 10 serum pairs from acute/early convalescent measles patients and 10 SSPE sera were also tested in EIA. The only positive finding in these experiments was that some of the SSPE sera bound with low affinity to the H7 peptide (data not shown).
Production and characterization of antisera against the synthetic peptides
Antisera to the peptides were produced in rabbits by immunizing the animals with the KLHconjugated peptides. With the first four peptides received (H3, H4, H7, H8), immunization was continued for 7 months in order to see whether any changes in antibody production occurred after 3 to 4 months. With two of these four peptides, H3 and H8, the binding of the antiserum to virus antigens increased up to specimens taken after 6 or 7 months of immunization. As the increase was only marginal, the other rabbits were immunized only for 3 to 5 months. The final specimens of all the immunized rabbits had high binding titres for the homologous peptides (Table 3) . The reactivity of the antisera with MV H protein was tested with several different types of assays. First, EIAs were done using purified virions, cell lysate prepared from MV-infected cells or purified MV H as antigen. Distinct reactivity patterns were found with different anti-peptide sera (Table 3) . When cell lysate was used, seven of the 10 antisera bound to the antigen, the strongest binding being by the H7 antiserum.
The reactivity pattern with purified virus was different. Antibodies to H3 and H8 which did not bind to MV lysate had high binding titres to virus, and antibodies to H9 which bound to * a-MV(1) and a-MV(2) refer to two different antisera against purified virions and a-H is an antiserum against purified H of the Edmonston strain of MV. * Values presented are the reciprocal of the highest dilution of antiserum that was positive in the EIA. "~ The antisera against HI, H2, H5, H6, H9 and H10 were tested only to a dilution of 1:5:1200 which gave A492 values still clearly above the cut-off levels. Purified MV separated by SDS-PAGE was transferred electrophoretically to a nitrocellulose filter and the antisera were allowed to react with the filter. Lane 1, antiserum to nucleocapsid; lane 2, antiserum to purified H; lanes 3 to 11, antisera to peptides H2 to H10, respectively. Antiserum to H1 was tested separately and was negative.
lysate did not bind to virus. Again, purified MV H gave different results to cell lysate. The HI, H3 and H6 antisera had no reactivity with the purified MV H although they bound to the lysate and/or purified virus antigen. Conversely, the H8 antiserum which had no reactivity with the lysate bound with a low titre to the purified H and strongly to purified MV. The antiserum to the H7 peptide bound to H with the highest titre. Fig. 2 shows the reactivity of the anti-H7 and anti-H8 sera with different antigens and the results obtained with the other sera are shown in Table 3 as binding titres. Several batches of purified Edmonston strain MV were tested in E I A and all gave equal results. When virions were disrupted with 0.05~ SDS, the E I A reactivity of the antisera against H3 and H8 was abolished. The anti-H7 serum bound to the SDS-disrupted virion antigen with a 10-fold higher titre than to the non-disrupted virus (data not shown).
There are five potential glycosylation sites in MV H clustered within the region consisting of residues 168 to 240 (Alkhatib & Briedis, 1986) . As it has been reported that carbohydrates influence immune reactivity of viral glycoproteins (Alexander & Elder, 1984) , we removed sugar moieties from purified virions by enzyme treatment (endoglycosidase H) and tested the reactivity of the anti-peptide antisera with the antigen. Two of the peptides have a hypothetical glycosylation site (Asn-Cys-Ser in H3 and Asn-Leu-Ser in H4). The enzyme treatment did not improve the binding of either one of the antisera produced to these peptides. As the removal of carbohydrate may alter the conformation of distant sites, all peptide antisera were tested and no major changes were detected in the reactivities. This is in contrast with the results obtained with anti-peptide antisera to influenza virus H (Alexander & Elder, 1984) .
In Western blots, the antisera against H2, H4, H5 and H7 recognized H on the nitrocellulose filter (Fig. 3) . In immunoprecipitation only the antisera to H2 and H7 bound H (Fig. 4) . Immunofluorescence tests were done on both fixed and native MV-infected cells. With the fixed cells, the antisera against H2, H3 and H7 were positive in IF. The strongest staining of MV antigen was found near the nuclear membrane but fainter staining was seen throughout the cytoplasm (Fig. 5 ). The staining pattern was similar with the other two IF-positive sera. No IF staining was found on the surface of MV-infected cells with any of the anti-peptide sera. The biological activity of the anti-peptide sera was tested in neutralization and HI tests (Table 4) . Only the anti-H3 serum had low neutralizing capacity and none had HI activity. DISCUSSION In the present study, we have made an attempt to characterize the antigenicity of MV H at a molecular level using synthetic peptides. As there is no information available about the threedimensional structure of MV H or the analogous HN protein of paramyxovirus, one can only predict regions that may have immunogenic activity and could thus be antigenic sites. For this purpose, we used a recently developed computer program that predicts surface-exposed areas of proteins by combining the hydrophilicity, flexibility and accessibility parameters of amino acids (Parker et al., 1986) . Ten peptides were synthesized and studied.
Regions corresponding to nine of these peptides are likely to lie on the surface of the molecule as these peptides reacted with antiserum to either purified MV and/or purified H. Only peptide H10 which is derived from the carboxy terminus of MV H did not react with any of the tested sera. This is in contrast with the generally accepted concept that carboxy termini of proteins are often immunogenic (Walter, 1986) . The cysteine residue present in the peptide H10 may, however, affect the conformation of the peptide in its conjugated form and thus would explain the absence of immunogenicity. Moreover, one has to note that the H9 peptide, which is located only 10 amino acids towards the amino terminus from HI0, reacted with the antisera. Based on these results, the combination of the three parameters used in the prediction program gives, with good reliability, sites of the protein that are surface-exposed. In addition, these findings are well in accordance with the concept that the entire surface of a protein is imunogenic (Green et al., 1982; Lerner, 1982; Niman et al., 1983) .
All the peptides in this study proved to be immunogenic when linked to the KLH carrier protein. However, great differences were found in how the anti-peptide sera recognized the MV H protein in EIAs with purified virions, lysate prepared from MV-infected cells and purified MV H. Based on these experiments, the antisera could be divided into four categories. Those antisera which reacted moderately well with all types of antigens included the ones against H2, H4 and H5 peptides. The second group consisted of antisera to H1 and H6 which reacted moderately with lysate and virions but not with purified H. The third category, and the most surprising, included H3 and H8 antisera which reacted well only with the virions. Notably, the anti-H8 serum reacted with high affinity with all the tested purified MV preparations but not with the lysate and only weakly with purified HA. This indicates that the determinants recognized by the antisera are conformation-dependent. The principle that antibodies raised against short peptides often recognize native proteins has been called the 'order-disorder phenomenon' (Wright et al., 1986) . Recent reports employing nuclear magnetic resonance imaging of the peptides would suggest that short peptides can assume at least secondary structures (Dyson et al., 1985; Wright et al., 1986) . This would explain how conformationdependent antibodies can be raised even with short peptides.
The fourth group included the anti-H9 serum which reacted moderately well with the lysate and purified MV H but not with the purified MV. The anti-H7 serum could also be included in this group as its binding titre to purified MV was low compared to the high titres on the lysate and purified H. In addition, the H7 peptide reacted better with the antiserum raised against purified H than with the anti-MV sera. These results can be interpreted to indicate that the region consisting of amino acids 368 to 377 is partially masked when incorporated in the virion. This idea is further supported by the finding that disruption of the virions with SDS resulted in more than 10-fold improvement in the titre of the anti-H7 sera with the antigen.
In this study, nine of the 10 peptides generated antibodies that reacted with MV H in some antigenic form. However, the antisera generated against the synthetic peptides reacted in most cases with more than 100-fold lower titres with the native protein than with the peptides, which is in accordance with the report by Norrby et al. (1987) . It has been postulated that only a small proportion of the peptide molecules adopt conformations resembling the homologous site on the native protein (Ferguson et al., 1986) . Another theory is that the peptides would form only a part of the antigenic site which is actually discontinuous and thus the antibody fit would not be optimal. Green et al. (1982) found that antibodies to 18 of the 20 peptides with influenza A virus H sequences reacted with the native protein but none of the peptides reacted with antiserum raised against H. Our results are partly in contrast with those as nine out of 10 peptides reacted with antiserum against purified MV and antiserum generated against purified H reacted with six peptides. This might be explained by a difference in the criteria used for selecting the sites to be synthesized as we used a combination of hydrophilicity, flexibility and accessibility parameters compared to only hydrophilicity (Green et al., 1982) .
The data presented here show how antigenicity of a viral protein changes when it is isolated from the virions. This was demonstrated by the different reactivity patterns of the anti-peptide sera with different forms of antigen and by binding of the hyperimmune sera raised against purified MV H or purified MV to synthetic peptides. The present study further shows that recognition of viral proteins by antibodies greatly varies depending on the form of antigen and the method used for analysing the antisera. EIA gave most positive reactions with the antipeptide sera but these results did not correlate well with results of other immunological tests. These results have implications on development of new vaccines for paramyxoviruses and other enveloped viruses. As subunit vaccines consisting of surface peplomers is one possible vaccine type for paramyxoviruses (Varsanyi et al., 1987) further studies of protein antigenicity at a molecular level are warranted. 
